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Effectiveness of some recent antimicrobial packaging 
concepts
L. Vermeiren, F. Devlieghere* and J. Debevere
G h e n t U n iv e rs ity , D e p a r tm e n t o f  F o o d  T e c h n o lo g y  a n d  N u tr i t io n ,  
L a b o r a to r y  o f  F o o d  M ic r o b io lo g y  a n d  F o o d  P r e se r v a tio n , C o u p u re  
L in k s  6 5 3 , B -9 0 0 0  G ent
(R eceived  5 D ecem b er 2000; revised 13 A p ril 2001; accep ted  
19 M ay  2001)
A  new  ty p e  o f  active p a ck a g in g  is the com bina tion  o f  
fo o d -p a c k a g in g  m a teria ls  w ith  a n tim icro b ia l substances  
to co n tro l m icrob ia l surface co n ta m in a tio n  o f  fo o d s .  
For b o th  m igra ting  and  non -m igra ting  an tim icrob ia l  
m a ter ia ls , in tensive con tac t betw een  the  fo o d  p ro d u c t  
a n d  p a ck a g in g  m a ter ia l is req u ired  a n d  therefore  
p o te n tia l fo o d  applica tions include especia lly  vacuum  
or sk in -p a c k a g e d  p ro d u c ts , e .g . va cuum -packaged  
m e a t, f is h ,  p o u ltry  or cheese. S ev era l an tim icrob ia l 
com pounds have been co m b ined  w ith  d iffe ren t typ es o f  
carriers (p la s tic  and  rubber artic les, paper-b a sed  
m a ter ia ls , te x ti le  fib r ils  a n d  fo o d -p a c k a g in g  m a te r ia ls ) . 
U ntil now , how ever, f e w  a n tim icro b ia l concep ts have  
fo u n d  applica tions as a fo o d -p a c k a g in g  m ateria l. 
A n tim ic ro b ia l p a ck a g in g  m a ter ia ls  canno t lega lly  be 
u sed  in the E U  a t the m om en t. T he p o te n tia l use w ould  
require a m en d m en ts  o f  severa l d iffe ren t lega l te x ts  
involving areas such as fo o d  a d d itive s , f o o d  p a c k a g in g , 
hyg iene , etc. T he m ain  objective o f  th is pa p er is to 
p ro v id e  a s ta te  o f  the art abou t the d ifferen t typ es o f  
an tim icro b ia l concepts, their e x p e r im e n ta l developm ent 
a n d  com m ercia liza tion , and  to  p re se n t a case s tu d y  
su m m a riz in g  the  resu lts  o f  investiga tions on the fe a s i ­
b ility  o f  a low -density  p o ly e th y le n e  ( L D P E )- f i lm  con­
ta in ing  triclosan to  inhibit m icrob ia l g ro w th  on fo o d  
su rfa ces a n d  consequen tly  p ro lo n g  sh e lf- life  or im prove  
m icro b ia l fo o d  sa fe ty . In  co n tra s t w ith  the s tro n g  
a n tim icro b ia l effec t in in -v itro  s im u la te d  vacuum - 
p a c k a g e d  cond itions aga inst the p sy ch ro tro p h ic  fo o d  
p a th o g en  L . m o n o c y to g en e s , the 1000  m g  k g ~ ! con­
ta in ing  triclosan  f i lm  d id  n o t e ffec tiv e ly  reduce spoilage  
b a cteria  a n d  gro w th  o f  L . m o n o c y to g e n e s  on re­
* T o  w h o m  c o rre sp o n d en c e  sh o u ld  be  a d d re ss e d , e -m ail: F ra n k . 
D e v lieg h ere@ ru g .ac .b e
fr ig e ra te d  va c u u m -p a c ka g e d  ch icken  b reasts sto red  
at 7°C.
Introduction
A ctive  fo o d -p a c k a g in g  co n c ep ts  p ro v id e  so m e a d d i­
tio n a l fu n c tio n s  in  c o m p a r iso n  w ith  tra d itio n a l 
passiv e  p a c k a g in g  m a te r ia ls  th a t  a re  lim ited  to  p r o ­
te c tio n  o f  th e  p a c k a g e d  fo o d  p r o d u c t  a g a in s t ex terna l 
in fluences. A c tiv e  p a c k a g in g  m a te r ia ls  ch a n g e  the  
c o n d itio n  o f  th e  p a c k a g e d  fo o d  p r o d u c t to  ex tend  
shelf-life a n d /o r  im p ro v e  m ic ro b ia l fo o d  sa fe ty  a n d /o r  
im p ro v e  se n so ria l p ro p e r tie s .  O n e  p ro m is in g  ty p e  o f  
ac tive  p a c k a g in g  is th e  in c o rp o ra t io n  o f  a n tim ic ro b ia l 
su b stan ce s  in  fo o d -p a c k a g in g  m a te r ia ls  to  c o n tro l 
u n d e s ira b le  g ro w th  o f  m ic ro o rg a n ism s  o n  th e  su rface  
o f  fo o d s  (V erm eiren  et al. 1999). T h e  m ain  cau se  o f 
sp o ilag e  o f  m a n y  re f r ig e ra te d  fo o d s  is m ic ro b ia l 
g ro w th  o n  th e  p r o d u c t  su rface . T h e  a p p lic a tio n  o f 
a n tim ic ro b ia l a g e n ts  to  p a c k a g in g  m a te ria ls  co u ld  be 
usefu l to  p re v e n t th e  g ro w th  o f  m ic ro o rg a n ism s  on 
the  p r o d u c t su rfa ce  a n d  h en ce  m a y  le ad  to  an  ex ten ­
sion  o f  th e  she lf-life  a n d /o r  im p ro v e d  m ic ro b ia l safe ty  
o f  the  p ro d u c t  (C o llin s -T h o m p so n  a n d  H w a n g  2000).
T h e  m a rk e t fo r  b io c id a l ad d itiv e s  fo r p la s tic s  is 
g ro w in g  as c o n su m e rs  d e m a n d  p ro d u c ts  w ith  in ­
creased  hyg iene b en e fits  a n d  as new  p o ly m e rs  in c o r­
p o ra te d  w ith  th ese  b io c id es  a re  b e in g  dev e lo p ed  (Lee
1998). A n tim ic ro b ia l p a c k a g in g  a t tra c ts  m o re  an d  
m o re  a t te n t io n  f ro m  th e  fo o d  a n d  p a c k a g in g  in d u s try , 
b ecau se  o f  a n  in c reas in g  c o n s u m e r  d e m a n d  fo r  m in i­
m ally  p ro c e sse d , p re se rv a tiv e -fre e  p ro d u c ts  (C o llins- 
T h o m p so n  a n d  H w a n g  2000). T h e  u se  o f  p rese rv a tiv e  
fo o d -p a c k a g in g  films c a n  o ffer a d v a n ta g e s  c o m p a re d  
w ith  th e  d irec t a d d i t io n  o f  p re se rv a tiv e s  to  th e  fo o d  
p ro d u c t as th e  p re se rv a tiv e  a g e n ts  a re  ap p lied  to  the  
p a c k a g in g  m a te r ia l in  a  w ay  th a t  o n ly  low  levels 
o f  p re se rv a tiv e  com e in to  c o n ta c t  w ith  the  
fo o d . F u r th e rm o re ,  th e  p ro d u c tio n  p rocess ca n  be
F o o d  A d d itiv e s  a n d  C o n ta m in a n t s  IS S N  0 2 6 5 -2 0 3 X  p r in t /IS S N  1 4 6 4 -5 1 2 2  o n lin e  ©  2002 T a y lo r  &  F ra n c is  L td
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s im p lified  by  c o m b in in g  th e  p a c k a g in g  s te p  w ith  th e  
a d d i t io n  o f  p re se rv a tiv es .
T h e  a n t im ic ro b ia l a c tio n  ca n  be o b ta in e d  by  tw o 
ty p e s  o f  m e ch a n ism s . P re se rv a tiv e -re le as in g  o r  m i­
g ra tin g  c o n c e p ts  c o n ta in  a  p re se rv a tiv e  w ith in  the ir 
m a ss  o r  o n  th e ir  su rfa ce  o f  w h ich  the  p u rp o s e  is to  
m ig ra te  p a r t ly  o r  co m p le te ly  in to  th e  fo o d  o r  in  the  
sp a c e  s u r ro u n d in g  the  fo o d  a n d  exercise  th e re  
its p re se rv a tiv e  a c tio n  (L ü c k  an d  Ja g e r  1997). N o n ­
m ig ra tin g  c o n c e p ts  c o n ta in  w ith in  th e ir  m a ss  o r  on  
th e ir  su rfa c e  a  c o m p o u n d  o r  p ro d u c e , in  c e r ta in  c o n ­
d itio n s , a  c o m p o u n d  th a t  ac ts  a n tim ic ro b ia l w h en  th e  
ta rg e t  m ic ro o rg a n ism  com es in to  c o n ta c t  w ith  th e  
a n t im ic ro b ia l su rfa c e  (K o u ra i e t al. 1994). T h e  a n t i­
m ic ro b ia l m a te r ia ls  c a n  be p re p a re d  by  in c o rp o ra t in g  
th e  a n t im ic ro b ia l ag e n t e ith e r  in to  th e  p a c k a g in g  
m a te r ia l  o r  by  c o a tin g  th e  ac tive  c o m p o u n d  o n  the  
su r fa c e  o f  th e  p a c k a g in g  film.
F o r  b o th  c o n c e p ts , m ig ra tin g  a n d  n o n -m ig ra tin g , 
in te n s iv e  c o n ta c t  b e tw een  th e  ac tiv e  m a te r ia l a n d  
th e  fo o d  p ro d u c t  is re q u ire d . T h e re fo re , p o te n tia l 
fo o d  a p p lic a tio n s  in c lu d e  espec ia lly  v a c u u m -p a c k ­
ag ed  p ro d u c ts  su c h  as v a c u u m -p a c k a g e d  m e a t, fish, 
p o u ltry  o r  cheese , a l th o u g h  fru its  a n d  v eg e tab les  can  
b en e fit f ro m  th e  c o a tin g  tech n iq u e .
A n o th e r  p o ss ib ility , m a in ly  u sed  fo r  fru its , is to  
in c o rp o ra te  th e  a n tim ic ro b ia l c o m p o u n d  in to  a n  e d ­
ib le  film  o r c o a tin g , ap p lied  by  d ip p in g  o r  sp ra y in g  
o n to  th e  fo o d  (C o llin s -T h o m p so n  a n d  H w a n g  2000). 
H o w e v e r , th e se  c o a tin g s , w h ich  a re  su p p o se d  to  be 
ea te n , a re  n o t  c o n s id e re d  o r legally  defined  as p a c k a ­
g in g  m a te ria ls .
A ntim icrobial technologies
In  re c e n t y e a rs , a  w h o le  ran g e  o f  a n tim ic ro b ia l te c h ­
n o lo g ie s  h as  b ee n  d ev e lo p e d . A p p lic a tio n s  a re  m ain ly  
s i tu a te d  in  th e  m e d ica l se c to r  (m ed ica l devices, h e a l th ­
c a re  p ro d u c ts ,  p e rso n a l hyg iene p ro d u c ts ,  d e n ta l ca re  
p ro d u c ts )  a n d  in  th e  fo o d -c o n ta c t  an d  h o u se h o ld  a re a  
(c u tt in g  b o a rd s , k n ife  h a n d le s , p ro te c tiv e  c lo th in g , 
e tc .). O th e r  a p p lic a tio n s  a re  bio film -sensitive  sy stem s 
su ch  as p ip e  lines, la b o ra to ry ,  a n d  o th e r  scien tific  
e q u ip m e n t a n d  m a te r ia ls  o f  c o n s tru c tio n  fo r  fo o d  
e q u ip m e n t (K a n e  1999). U n til  n o w , h o w ev e r, very  
few  o f  th ese  c o n c e p ts  h a v e  a p p lic a tio n s  as fo o d - 
p a c k a g in g  m a te r ia ls .
T h e  ea rlie s t c o m m e rc ia l d ev e lo p m e n ts  w ere  J -M a c  
(Jo h n so n  M a tth e y  C o .) ,  an  a n tib a c te r ia l silver-re leas­
in g  c o a tin g  fo r  s te e ls  a n d  m a s te rb a tc h e s  co n ta in in g  
O B P A  (o x y b isp h e n o x a rs in e )  ( M o rto n  p la s tic  a d d i­
tives). T h e  la tte r , h o w e v e r , h as  so m e tox ico log ical 
lim ita tio n s , d u e  to  t h e  p rese n ce  o f  a rse n ic  a n d  c a n n o t 
be u sed  in  f o o d - ty p e  a p p lic a tio n s  (L ee 1998, K a n e  
1999). In  J a p a n , A g -c o n ta in in g  c o m p o n e n ts  a re  the  
m o s t c o m m o n  a n t im ic ro b ia l  ag e n ts  in c o rp o ra te d  in to  
p la s tic s  ( Ish itan i 1995). T h e  b io lo g ica l ac tiv ity  o f 
silver is re la ted  to  t h e  ac tiv e  silver io n  re leased  fro m  
silver sa lts , c o m p le x e s  an d  h a lid es . T h e  silver c a tio n  
b in d s  s tro n g ly  to  e le c tro n  d o n o r  g ro u p s  c o n ta in in g  
su lp h u r , oxygen  o r  n itro g e n . B io log ica l m olecu les 
g en e ra lly  c o n ta in  th e s e  c o m p o n e n ts  in  th e  fo rm  o f 
th io - , am in o -, im id a z o le , c a rb o x y la te  a n d  p h o sp h a te  
g ro u p s . S ilver ions a c t  by d isp lac in g  o th e r  essen tial 
m e ta l ions such  as C a 2+ o r Z n + . T h e  b in d in g  o f  silver 
to  b a c te ria l D N A  m a y  in h ib it a  n u m b e r  o f  im p o r ta n t 
tr a n s p o r t  p rocesses  s u c h  as p h o s p h a te  a n d  su cc in a te  
u p ta k e  a n d  ca n  in te r a c t  w ith  c e llu la r  o x id a tio n  p r o ­
cesses as w ell as th e  r e s p ir a to ry  ch a in . In  c o m p a riso n  
to  o th e r  h eav y  m e ta l io n s , s ilver is p ro b a b ly  th e  m o st 
use fu l as it  c o m b in e s  a  h ig h  a n tim ic ro b ia l ac tiv ity  
w ith  a  re m a rk a b le  lo w  h u m a n  to x ic ity  (S ch ierho lz  
e t al. 1998). I n fo rm a tio n  fro m  p ro d u c in g  co m p an ies  
a n d  lite ra tu re  a b o u t  all th e se  s ilv e r-c o n ta in in g  
m a te r ia ls  is scarce  a n d  so m e tim es  co n fu s in g  an d  
c o n tra d ic to ry . A  firs t c le a r  d is t in c tio n  h a s  to  be m a d e  
b e tw e en  A g-zeo lites  a n d  A g -s u b s titu te d  z irc o n iu m  
p h o s p h a te  ceram ics.
S ilver zeo lites a re  c ry s ta llin e  a lu m in o s ilic a te  m a te ria ls  
c o n tin u o u s ly  re leas in g  a  sm all a m o u n t ( M O p p b )  o f  
silver ions re su ltin g  in  lo n g - te rm  a n tim ic ro b ia l ac tiv ­
ity  th a t  is n o t h a rm fu l to  tissue  cells (M a ts u u ra  1997). 
E x am p les  o f  co m m erc ia lized  A g -zeo lites  a re  Z eo m ic®  
(S h in a g aw a  F u e l C o .,  J a p a n )  a n d  B actek ille r  
(K a n e b o  C o ., Ja p a n ) . T h e  s tru c tu ra l  fo rm u la  o f  
Z e o m ic ®  is M X 2 / „ O .A l2 0 3 .Y S i0 2 .Z H 2 0  (M : a 
c a tio n , e.g . A g + , Z n 2+, e tc .; X , Y  a n d  Z: m ole 
f ra c tio n  o f  each  c o m p o n e n t) . T h e  u n iq u e  fe a tu re  o f 
A g -zeo lite s  is th e ir  b ro a d  a n tim ic ro b ia l sp e c tru m . A s 
A g -zeo lite  is expensive , it is la m in a te d  as a  th in  c o ­
e x tru d e d  la y er o f  3 -6  p m  c o n ta in in g  A g -zeo lite  p a r ­
tic les. T h e  n o rm a l in c o rp o ra t io n  level v a rie s  f ro m  1 to  
3%  (w /w ). T h e  effectiveness o f  th is  A g -zeo lite  in c o r­
p o ra te d  m a te r ia ls  to w a rd s  c o n tro l o f  c o n ta m in a tio n  
o f  fo o d  p ro d u c ts  d ep e n d s  o n  th e  n u tr ie n t  level, p re s ­
ence  o f  sa lts  a n d  p H  o f  th e  p ro d u c t.  A s am in o  acids 
c a n  rea c t w ith  th e  silver su b s titu te d  in  th e  zeo lite  
m o le c u la r  m a tr ix , effects c a n n o t be expected  w hen  
n u tr ie n t- r ic h  fo o d s  are p a c k a g e d  a t th e  s ta te  o f  sm all
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re la tiv e  c o n ta c t  a re as , w h e rea s  v e ry  h igh  effects c a n  be 
e x p e c ted  w ith  n u tr ie n t-p o o r  d rin k s  like m in e ra l w a te r  
o r  te a  ( Ish ita n i 1995).
R e ce n tly , m a s te r  b a tc h e s  c o n ta in in g  A g -su b s titu te d  
z irc o n iu m  p h o s p h a te  ce ram ics (A gA-H i_xZ r 2 (P 0 4 ) 3 ), 
ca lled  N o v a ro n ®  (T o a g o se i C o . L td , J a p a n ) , a re  
b ro u g h t  o n to  th e  E u ro p e a n  m a rk e t. H o w ev er, a c ­
c o rd in g  to t  th e  E u ro p e a n  fo o d  a d d itiv e  re g u la tio n , 
silver is p e rm itte d  o n ly  to  very  few fo o d stu ffs , as a 
c o lo u rin g . K o u ra i  e t  al. (1994) fo u n d  th a t  th e  b a c te r ­
ic idal a c tiv ity  o f  z irc o n iu m  p h o sp h a te  ce ram ics c o n ­
ta in in g  silver io n  w as  ex trem ely  en h a n ce d  by  w h ite  
lig h t i r ra d ia t io n  a n d  oxygen . W h e n  HZr2(PC>4)3 w as 
ir ra d ia te d ,  A g -su rfa c e + w o u ld  w o rk  as a n  e lec tro n  
p o o l a n d  O 2  m o lecu les  a d s o rb e d  on  th is  site  w o u ld  be 
red u c ed  to  O j  ra d ic a l (M iy o sh i 1998):
H Z r 2 (P 0 4 ) 3 +  h u  —> H Z r 2 (P 0 4 ) 3 (e~ an d  h + )
e "  +  ( A g s t r f a c e ) - ° 2  (■^ s u r f a c e ) “ ° 2
->  O 2  +  A g s+urface (e lec tro n  p o o l)  
h + +  O H “  O H
T h is  m e c h a n ism  in w h ich  o x ygen  is c h a n g ed  in to  
ac tiv e  oxy g en  th r o u g h  th e  c a ta ly tic  a c tio n  o f  silver 
is th e  so -ca lled  o lig o d y n a m ic  a c tio n  (Y o sh id a  e t al.
1999). H o w e v e r, th e  m e c h a n ism  o f  p h o to g e n e ra tio n  
fo r  su p e ro x id e  ra d ic a ls  a n d  th e  ro le  o f  th e  silver io n  
is n o t  c le a r  (M iy o sh i 1998) a s  it  is still n o t c lea r  if 
th e se  N o v a ro n -c o n ta in in g  m a te r ia ls  do  re lease  
silver io n s. I t  is q u ite  p o ss ib le  th a t  b o th  a  re lease  o f  
silver io n s  a n d  th e  p ro d u c tio n  o f  su p e r ox ide a n d  
h y d ro g e n  p e ro x id e , fo rm e d  by  c e r ta in  p h o to c h e m ic a l 
re a c tio n s  o n  th e  su rfa c e  o f  th e  N o v a ro n  p a rtic le s , a re  
re sp o n s ib le  fo r  th e  in h ib ito ry  effect o f  N o v a ro n -  
m a te ria ls .
A n o th e r  in te re s tin g  c o m m erc ia l d e v e lo p m e n t w as th e  
m a rk e tin g  o f  tr ic lo sa n -b a s e d  m a s te r  b a tch e s  su c h  as 
M ic ro b a n ®  by  M ic ro b a n  P ro d u c ts  C o ., U K . T h e  n o n ­
io n ic  a n d  b ro a d -s p e c tru m  a n tim ic ro b ia l c o m p o u n d  
tr ic lo sa n  ( C 1 2H 7 C I3 O 2 ) is a  d ifen y le th e rd e riv a te  
(2 ,4 ,4 '- tr ic h lo ro -2 '-h y d ro x y -d ip h e n y l e th e r), p ro d u c e d  
by  C ib a  G eig y  u n d e r  th e  t r a d e  n a m e  Irg a sa n ®  D P -  
300. M ic ro b a n  P ro d u c ts  h a s  fo u n d  a  tech n o lo g y  to  
e n c a p s u la te  tr ic lo s a n  in  a lm o s t a n y  ty p e  o f  p la s tic  in  a 
w ay  th a t  it is still free  to  m ig ra te  to  th e  su rface  to  s ta r t  
i t ’s w o rk  a g a in s t d e v e lo p in g  b a c te r ia .  T h e  m a in  a p ­
p lic a tio n s  a re  s i tu a te d  in  th e  fo o d -c o n ta c t an d  h o u s e ­
h o ld  a re a s  fo r  in s ta n c e  c o n v e y o r  b e lts  a n d  c u ttin g  
b o a rd s , as well as m e d ica l a p p lic a tio n s  such  as 
su rg ica l d ra p e s  (C ib a  T e c h n ic a l In fo rm a tio n  1998).
T ric lo s a n  w as w id e ly  th o u g h t to  be a  non -spec ific  
b io c id e  th a t  ac ts  by  a t ta c k in g  an d  d is ru p tin g  b ac te ria l 
cell m e m b ra n e s  in a  w ay  th a t  b a c te r ia  c a n n o t assim i­
la te  n u tr ie n ts  a n y m o re .  I t  w as th o u g h t th a t  th ro u g h  
th is  d isc re te  m e c h a n ism  o f  a c tio n , th e  a c q u is i tio n  o f 
ce llu la r res is tan ce  w as  un like ly . H o w ev er, recen t 
w o rk  revealed  th a t  tr ic lo sa n  b lo c k s  b a c te ria l fa tty  
ac id  sy n th esis  by sp ec ifica lly  in h ib itin g  th e  enzym e 
en o y l-acy l c a r r ie r  p ro te in  (en o y l-A C P ) red u c ta se  
(F a b I) . T ric lo sa n  a c t s  as a  site-specific in h ib ito r  by 
m im ick in g  th e  n a t u r a l  s u b s tra te  o f  en o y l-A C P  (H e a th  
e t al. 1998, 1999, L ev y  et al. 1999). A c c o rd in g  to  
H e a th  e t al. (1999), th e  ab ility  o f  E. coli to  acqu ire  
g en e tic  res is tan ce  t o  tr ic lo sa n  th ro u g h  m u ta tio n s  in 
th e  f a b l  gene su g g e s ts  th a t  th e  w id esp re ad  u se  o f 
tr ic lo sa n  w ill lead  to  the  a p p e a ra n c e  o f  re s is tan t 
o rg an ism s. H o w e v e r , m o re  rese a rch  is n ecessary  to  
c o n firm  th is  thesis.
In  E u ro p e , th e  leg is la tiv e  s ta tu s  o f  tr ic lo sa n  is unc lea r. 
A c c o rd in g  to  the  E u ro p e a n  re g u la tio n , tr ic lo sa n  is 
n o t  o n  th e  lis t o f  th e  a p p ro v e d  fo o d  ad d itiv e s  a n d  is 
n o t  m e n tio n e d  in th e  lis t o f  ad d itiv es  n o tified  to  the  
E C  as su b stan ce s  t h a t  m a y  b e  used  in  th e  m a n u ­
fa c tu re  o f  p lastics in te n d e d  fo r  c o n ta c t  w ith  fo o d ­
stuffs. W h e th e r  tr ic lo s a n  is a  fo o d  ad d itiv e  o r n o t 
sh o u ld  b e  dec id ed  th ro u g h  a n  e v a lu a tio n  o f  the  
in te n tio n  o f  the  use  o f  th e  su b s ta n c e  a n d  o f  w h e th e r  
it is co v e red  b y  the  d e f in itio n  o f  fo o d  ad d itiv e s . I f  the  
te ch n o lo g ic a l b a c k g ro u n d  fo r  th e  use  is co v e red  by 
th is  d e fin itio n , th en  tr ic lo sa n  w o u ld  be a  re g a rd e d  as a 
fo o d  ad d itiv e . H o w e v e r, as it is n o t o n  th e  list o f 
a p p ro v e d  fo o d  a d d itiv e s , it c a n n o t be legally  u sed . A s 
to  th e  p la s tic  a d d itiv e ’s p o s itiv e  lis t, th is  is n o t a 
c o m p le te  list, m e a n in g  th a t su b s ta n c e s  o u ts id e  the  list 
c a n  b e  u sed , p ro v id e d  th e ir  sa fe ty  in  th e  m e a n in g  o f  
th e  f ra m e w o rk  D ire c tiv e  is a sc e rta in e d , a n d  p ro v id e d  
th e  s u b s ta n c e  does n o t  h a v e  a  fo o d  p re se rv a tio n  effect 
(F a b e c h  et al. 2000). T r ic lo s a n  w as su b m itte d  to  th e  
E C  by  C ib a  in  A p ril 1998 w ith  a  co m p le te  d o ss ie r o f 
to x ic o lo g ic a l a n d  efficacy d a ta  (K a n e  1999). T h e  
S cien tific  C o m m ittee  o n  F o o d  h as  p u b lish e d  th e ir  
p re lim in a ry  o p in io n  a b o u t  tr ic lo san . A  q u a n tita tiv e  
re s tr ic tio n  o f  5 m g k g -1 o f  fo o d  is m e n tio n e d  b u t  the  
C o m m iss io n  re m a rk s  th a t  th e  m ig ra tio n  c o u ld  exceed 
5 m g  k g -1 o f  fo o d  a n d  th a t  th e  use  o f  th is  c o m p o u n d  
sh o u ld  n o t  lead  to  lo w erin g  o f  th e  h y g ien ic  s ta n d a rd s  
in  fo o d  h a n d lin g  (S cien tific  C o m m itte e  o n  F o o d  
2000).
T h e  list o f  co m p an ie s  p ro d u c in g  b io c id a l m a te r ia ls  
g e ts  lo n g e r  every  day. T a b le  1 lists so m e im p o r ta n t 
c o m m erc ia lized  an tim ic ro b ia l m a te ria ls .
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T a b le  1. C o m m e r c ia l iz e d  a n t im ic r o b ia l  m a te r ia ls .
C o m p an y T ra d e  nam e A ctive  c o m p o u n d A pplica tions
Sanitized  A G , S w itze rlan d /C la rian t
D u P o n t,  U SA
M illiken  C o ., U S A
M ic ro b an  P ro d u c ts , U K
T h o m so n  R esearch  A ssocia tes , C a n a d a
Surfac in e  D ev elo p m en t C o m p an y , U S A  
Ish izuka  G lass C o ., Ja p a n
S anitized®  tric lo san  an d  o th e rs  
A ctigard®
San ip ro t®
M ic ro F re e™  A g, co p p er oxide a n d  z inc  s ilica te
N o v a ro n ®  A g -su b stitu ted  z irc o n iu m  p h o sp h a te  
M icro b an ®  ^  tric lo san  
U ltra -F resh ®  tric lo san  and  o th ers
Surfacine® ' A g -h a lid e /p o ly m er com plex  
Io n p u re  A g /g lass
tex tiles, p lastics, lea th e r a n d  p a p er
h o m e textiles an d  P U -fo am s
film s a n d  in -can  p reserva tion
tex tile  an d  ca rp e t fibres, p a in ts ,
p ack ag in g  films, etc.
m any
m an y
p o lym ers, adhesives, latexes, 
p lastics, foam s, etc. 
m an y  
m an y
Antim icrobial food-packaging m aterials
A  w h o le  ra n g e  o f  ad d itiv e s  h a v e  b ee n  p ro p o se d  a n d  
te s ted  fo r  u se  in  a n tim ic ro b ia l fo o d -p a c k a g in g  
m a te ria ls  in c lu d in g  A g -b a sed  c o m p o u n d s  (Ish itan i 
1995), o rg a n ic  ac id s  ( H a n  a n d  F lo ro s  1997, 
D ev lieghere  et al. 2000a) a n d  th e  re la te d  acid  a n h y ­
d rid es  (W eng  a n d  C h e n  1997), b a c te rio c in s , e.g. n isin  
a n d  p e d io c in  (M in g  et al. 1997, D o b ia s  et al. 1999, 
Scanell e t al. 1999, S ira g u sa  et al. 1999), h ex am eth y - 
le n e te tra m in e  (D ev lieg h ere  et al. 2000b), enzym es 
su ch  as ly sozym e (A p p e n d in i a n d  H o tc h k is s  1997, 
P a d g e tt  et al. 1998), fu n g ic id es  su c h  as benom yl 
(H a le k  an d  G a rg  1989) a n d  im aza lil (W eng  a n d  
H o tc h k is s  1992) a n d  o rg a n ic  c o m p o u n d s  such  as 
tr ic lo san  (C u tte r  1999). H o w e v e r , few  o f  the  e x p e ri­
m e n ta l s tu d ies  h av e  re su lte d  in  effective concep ts 
re a d y  fo r  c o m m erc ia l a p p lic a tio n s . O fte n , the  in h ib i­
to ry  ac tiv ity  is lo s t b y  c o m b in in g  th e  c o m p o u n d  w ith  
th e  p o ly m e ric  m a te r ia ls  d u e  to  in c o m p a tib ili ty  o f  the  
c o m p o n e n t w ith  th e  p a c k a g in g  m a te r ia l o r d u rin g  
e x tru s io n  d u e  to  th e  h e a t la b ility  o f  th e  c o m p o n e n t 
(D ev lieghere  e t al. 2000a). O th e r  sy stem s a re  effective 
in  in-vitro  c o n d itio n s  b u t a re  n o t  w o rk in g  in  c o m b i­
n a tio n  w ith  rea l fo o d  p ro d u c ts  b e c au se  o f  in te rac tio n s  
b e tw een  fo o d  c o n s titu e n ts  a n d  th e  ac tiv e  c o m p o u n d  
(Ish ita n i 1995, C u tte r  1999). F u r th e rm o re ,  th e  legis­
la tiv e  s ta tu s  o f  th e  in c o rp o ra te d  a n tim ic ro b ia ls , as 
m e n tio n e d  a b o v e , is lim itin g  th e  a p p lic a tio n  o f  a n t i ­
m ic ro b ia l system s.
A  lo t o f  re se a rch  (W en g  a n d  H o tc h k is s  1993, H a n  
a n d  F lo ro s  1997, W e n g  an d  C h e n  1997, W en g  et al. 
1999, D ev lieg h e re  et al. 2 000a) h a s  fo cu ssed  on  th e  
in c o rp o ra t io n  o f  so rb ic  ac id  a n d  b en z o ic  ac id  o r th e ir  
c o r re sp o n d in g  ac id  a n h y d r id e s  in to  fo o d -p a c k a g in g  
m a te ria ls . H a n  a n d  F lo ro s  (1997) sh o w ed  th a t 1%
p o ta s s iu m  s ó rb a te  in  a lo w -d en sity  p o ly e th y len e  
(L D P E )  film  in h ib ite d  th e  g ro w th  o f  Saccharom yces  
spp . o n  a g a r  p la te s . H o w ev er, W e n g  a n d  H o tc h k iss  
(1993), w h o  a lso  te s te d  L D P E  film s w ith  u p  to  1% 
(w /w ) in c o rp o ra te d  so rb ic  ac id , fa iled  to  in h ib it 
m o u ld  g ro w th  o n  in o c u la te d  m ed ia . A cc o rd in g  to  
W en g  a n d  H o tc h k is s ,  th e  so rb ic  ac id  w as insuffi­
c ien tly  re leased  f ro m  th e  film  to  be a n tim y c o tic  
b ec au se  o f  th e  in c o m p a tib ili ty  o f  th e  p o la r  só rb a te  
w ith  th e  a p o la r  L D P E . T h ese  fin d in g s w ere con firm ed  
by D ev lieg h e re  e t al. (2000a). A c id  a n h y d rid e s  w ere 
th o u g h t to  b e  m o re  c o m p a tib le  th a n  free  ac id s  an d  
th e ir  sa lts  b ecau se  o f  th e ir  lo w er p o la rity . H o w ev er, 
W en g  et al. (1999) d e v e lo p e d  th e  te c h n iq u e  o f  co m ­
b in in g  p o ly (e th y le n e -c o -m e th a c ry lic  acid) (P E M A ) 
w ith  b en z o ic  acid  a n d  so rb ic  ac id . F ilm s m odified  
w ith  N a O H  (1 m o l I-1 ) b e fo re  in c o rp o ra t io n  w ith  
so rb ic  ac id  ex h ib ited  d o m in a n tly  a n tim ic ro b ia l p r o p ­
erties  in  fu n g a l g ro w th  in h ib itio n  tests, p re su m a b ly  
d u e  to  th e  h ig h e r  a m o u n t  o f  p rese rv a tiv es  re leased  
f ro m  th e  film s th a n  o th e r  ty p es o f  films.
R e la te d  to  fo o d  a p p lic a tio n s , tw o  co m m erc ia l b ioci- 
d a l film s a re  cu rre n tly  m a rk e te d  in  th e  U S A . O n e  is 
c o m p o se d  o f  a  c h lo rin a te d  p h e n o x y  c o m p o u n d  an d  
th e  o th e r  o f  ch lo rin e  d io x id e  (M ic ro g a rd e , B e rn a rd  
T ec h n o lo g ie s , C h ica g o ). B o th  film s h av e  th e  b io c id a l 
a g e n t re s id in g  in  th e  p o ly m e r  spaces a n d  th e  ag e n ts  
a re  re leased  u p o n  fo o d  c o n ta c t. A  co m m erc ia l an ti-  
fu n g a l c o a tin g  p ro d u c e d  f ro m  c h ito sa n  is a lso  so ld  as 
a  she lf-life  ex ten d e r f o r  fre sh  f ru it (P a d g e tt e t al. 
1998). In  E u ro p e , such  a  ch em ica l w o u ld  fa ll u n d e r  
th e  d e fin itio n  o f  fo o d  ad d itiv e s  a n d  co u ld  n o t legally  
be used . R e n g o  C o . ( Ja p a n )  offers a n tib a c te ria l labels 
a n d  sh e e ts , e.g . W a so u ro  is a  co m b in e d  a n tib a c te ria l 
a n d  a n t im o u ld  agen t u s in g  th e  v o la tile  c o n s titu e n ts  
e x tra c te d  f ro m  Ja p a n e se  h o rse ra d ish  a n d  m u s ta rd  
(a lly l-m u s ta rd  o il) (h ttp ://w w w .lin te c .c o .jp ) . C S IR O
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(A u s tra lia )  is d ev e lo p in g  system s g ra d u a lly  re leasing  
S O 2  to  c o n tro l  m o u ld  g ro w th  in  so m e fru its . T h is  
a p p l ic a tio n  is n o t  a llow ed  in  th e  E U . E xcessive  re lease  
o f  S O 2  f ro m  p a d s  o f  so d iu m  b isu lp h ite  in c o rp o ra te d  
m ic ro p o ro u s  m a te r ia l h as  been  sh o w n  to  ca u se  p a r tia l  
b le a c h in g  p ro b le m s in  g rapes. F u r th e rm o re ,  th e  a c c u ­
m u la tio n  o r  a b s o rp tio n  o f  the  excess o f  S O 2  by  fo o d s 
c o u ld  ca u se  to x ico lo g ica l p ro b le m s  (h ttp : //w w w . 
d fs t.c s iro .a u ) .
C ase study on a triclosan film as antim icrobial food  
packaging
In tro d u c tio n
A s m e n tio n e d  a b o v e , th e  o rg a n ic  c o m p o u n d  tr ic lo san  
h a s  rec en tly  g a in ed  a lo t o f  in te re s t. C u t te r  e t al. 
(1999) e v a lu a te d  th e  effectiveness o f  p la s tic  c o n ta in in g  
1500 m g  k g -1 tr ic lo sa n  in  p la te  o v e rla y  assay s an d  
m e a t ex p e rim en ts . T h e  s tu d y  d e m o n s tra te d  th a t  the  
in c o rp o ra t io n  o f  tr ic lo sa n  in to  p la s tic  re su lte d  in  
a c tiv ity  in  p la te  o v erla y  assays, b u t  th a t  w h e n  the  
p la s tic  is co m b in ed  w ith  v a c u u m -p a c k a g in g  a n d  re­
f r ig e ra te d  s to ra g e , b a c te r ia  a re  n o t  sufficien tly  re ­
d u c e d  o n  m e a t su rfaces. T h e  p o ss ib le  in te ra c t io n  o f  
tr ic lo s a n  w ith  ad ip o se  c o m p o n e n ts  o f  th e  m e a t p r o d ­
u c t  m a y  be re sp o n sib le  fo r  th is  in a c tiv ity . I n  th is 
s tu d y , th e  fea s ib ility  o f  a  lo w -d e n s ity  p o ly e th y le n e  
(L D P E )  film  c o n ta in in g  tr ic lo sa n  to  in h ib it  m ic ro b ia l 
g ro w th  o n  fo o d  su rfaces  a n d  c o n s e q u e n tly  p ro lo n g  
sh e lf-life  o r im p ro v e  sa fe ty  o f  fo o d s  w as in v estig a ted . 
T h e  a n tim ic ro b ia l ac tiv ity  o f  th e  tr ic lo sa n -c o n ta in in g  
L D P E  w as d e te rm in e d  q u a lita tiv e ly  in  a n  a g a r  d iffu ­
s io n  a s sa y  a n d  q u a n tita tiv e ly  in  a n  in-vitro  s to rag e  
e x p e r im e n t o n  a g a r  p la te s . T h e  ex p e r im e n ts  w ere 
f in a lized  b y  p e rfo rm in g  a  s to ra g e  ex p e r im e n t w ith  
p o u ltry  in o c u la te d  w ith  L . m o n o cy to g en e s .
M a te r ia ls  a n d  m e th o d s
A g a r  d iffusion  assay . T h e  in h ib i to ry  effect o f  L D P E  
film s c o n ta in in g  0, 500 an d  1000 m g  k g -1 tric lo san  
w as d e te rm in e d  q u a lita tiv e ly  in  a n  a g a r  d iffu sion  test 
to w a rd s  a  ra n g e  o f  fo o d  p a th o g e n s  a n d  sp o ilag e  
o rg an ism s: L . m on o cy to g en es, S t .  aureus, S.
en teritid is , E . coli 0157 :H 7 , B r. therm osphacta , B. 
cereus, L . sake , L . brevis, P. ro q u e fo r ti, A . niger an d
C. albicans. T S A -p la te s  w ere  in o c u la te d  by  sp re a d - 
p la tin g  w ith  105 c fu /p la te  o f  th e  tes t o rg an ism s an d  
covered  w ith  a  c i rc u la r  p iece  (<t> — 3 cm ) o f  th e  
tr ic lo sa n -c o n ta in in g  film s. A n y  a n tim ic ro b ia l effect 
c o u ld  be o b se rv ed  as a  g ro w th  in h ib itio n  zone 
a ro u n d  th e  p la s tic . E x p e r im e n ts  w ere  p e rfo rm e d  in 
d up licate .
In  v itro  s to ra g e  e x p e r im e n t. T h e  in h ib ito ry  activ ity  
o f  th e  film  a g a in s t L . m o n o cy to g en es  w as qu an tified  
in a n  in vitro  s to r a g e  ex p e r im e n t o n  a g a r  p la tes. 
D u rin g  20 d ay s , th e  g ro w th  w as fo llo w ed  a t  7°C  on 
T S A -p la te s  (p H  5.7), w h ich  w ere  u n c o v e re d , covered 
w ith  L D P E  o r c o v e red  w ith  th e  1000 m g  k g -1 
tr ic lo sa n -c o n ta in in g  L D P E  film.
T S A -p la te s  w ere  in o c u la te d  by sp re a d p la tin g  w ith  
104 c fu /p la te  o f  L . m o n o cy to g en e s  (L M G  13305) an d  
covered  w ith  te s t film s, w h ich  h a d  th e  sam e d ia m ete r 
as a  P e tr i d ish . T o  d e te rm in e  th e  effect o f  covering  on  
th e  g ro w th  o f  L is te r ia , a  n o n -c o v e re d  series o f  P etri 
d ishes w as a lso  p re p a re d . A ll P e tri d ish es w ere  p a c k ­
aged  in  an  a tm o s p h e re  o f  100%  N 2  to  sim u la te  
v a c u u m -p a c k a g e d  c o n d itio n s  a n d  s to re d  a t 7°C. 
E very  d a y  th e  c o u n ts  o f  L . m o n o cy to g en es  w ere 
d e te rm in e d . T h e  a g a r  o f  th e  P e tr i d ish es w as w eighed 
a n d  b ased  o n  th e  w e ig h t o f  th e  a g a r  a  f irs t decim al 
d ilu tio n  o f  b o th  a g a r  a n d  co v e rin g  film  in p ep to n  
p h y sio lo g ic  sa lt so lu t io n  w as p re p a re d . A fte r  m ixing 
in  a  s to m a c h e r , fu r th e r  d ec im a l d ilu tio n s  w ere  p re ­
p a re d  a n d  s p re a d p la te d  o n to  L iste ria -se lec tive  ag a r  
b ase  (O x fo rd  fo rm u la tio n  O x o id  C M 8 5 6 ). A fte r  in ­
c u b a tio n  o f  th e  O x fo rd  p la te s  a t  37°C  fo r  48 h, 
c o u n tin g s  w ere  p e rfo rm e d .
S to ra g e  ex p er im en t w ith  chicken breasts. A  sto rage  
ex p e rim en t w ith  ch ick e n  b re a s ts , v a c u u m -p ac k ag e d  
in  th e  L D P E  film  c o n ta in in g  1000 m g  k g -1 tric losan , 
w as c o n d u c te d . T h e  ch ick e n  b re a s ts  w ere  in o c u la ted  
w ith  L. m onocy togenes. D u rin g  s to ra g e  a t  7°C , th e  
ev o lu tio n  o f  to ta l  a e ro b ic  c o u n t,  to ta l a n a e ro b ic  
c o u n t, lac tic  ac id  b a c te ria , E nterobacteriaceae  an d  
y easts , a n d  th e  g ro w th  o f  L . m o n o cy to g en es  (L M G  
13305) w as fo llow ed .
T w en ty -e ig h t ch ick en  b re a s ts  (p H  5.7) w ith  a  m ean  
w e ig h t o f  200 g w ere  in o c u la te d  w ith  IO4 cfu  g -1 o f  L. 
m onocytogenes  b y  sp rea d in g  0.5 m l o f  an  in o c u lu m  o f  
2 x  IO6 cfu  m l-1 o n  th e  to p  a n d  b o tto m  side  o f  th e  
ch ick en ’s su rfa c e  (0.25 m l o n  ea ch  side). H a l f  o f  th e  
ch ick en  pieces w ere p a c k a g e d  in th e  1000 m g  k g -1 
tr ic lo sa n -c o n ta in in g  film, th e  o th e r  h a lf  w as p ack ag ed  
in th e  re fe ren ce  L D P E  film  free  o f  tr ic lo san . A ll
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p a c k a g e s  w e re  p a c k a g e d  o n ce  m o re  in  a  b a r r ie r  film  
(P A /P E  15-60 S ü d p a c k , V erpackungen  O ch sen - 
h a u w se n , G e rm a n y )  to  e n su re  th e  v a c u u m  an d  s to re d  
a t  7°C . A t  d a y  0, 4, 8 a n d  12 m ic ro b ia l an a ly se s  w ere 
p e r fo rm e d  o n  tw o  sa m p le s  (in  d u p lic a te )  o f  th e  
ch ick e n  b re a s ts .  F o r  th e  d e te rm in a tio n  o f  the  to ta l 
a e ro b ic  c o u n t ,  respectively  to ta l a n a e ro b ic  c o u n t, 
la c tic  ac id  b a c te r ia  an d  E nterobacteriaceae  th e  p o u r-  
p la tin g  m e th o d  w as p e rfo rm e d  o n to  P C A  (p la te  c o u n t 
a g a r , O x o ïd  C M 3 2 5 ) respectively  R C A  (re in fo rc ed  
c lo s tr id ia l a g a r , Oxo'fd C M  151), M R S  (M a n  R o g o s a  
S h a rp e , O x o ïd  C M 3 6 1 ) a n d  V R B G  (V io le t R ed  Bile 
G lu c o se  a g a r ,  O x o ïd  C M 485). Y e a s ts  a n d  L . m o n o ­
cy togenes  w ere  d e te rm in e d  by  sp re a d p la tin g  o n  Y G C  
(Y e a s t G lu c o se  C h lo ra m p h e n ic o l, S ano fi 64104) a n d  
L isteria  se lec tive  a g a r  b a se  (O x fo rd  fo rm u la tio n , 
O x o ïd  C M 8 5 6 )  c o m b in e d  w ith  Selective su p p le m e n t 
(O x fo rd  fo rm u la tio n , O x o ïd  S R  140) respectively . 
P C A , R C A , M R S  a n d  Y G C  w ere in c u b a te d  fo r  3 -5  
days a t  30°C . V R B G  w as in c u b a te d  fo r  1 d a y  a t  37°C  
a n d  L is te r ia  se lec tive  a g a r  b a se  fo r  2 d ay s  a t  37°C . 
A fte r  in c u b a tio n , c o u n tin g s  w ere  p e rfo rm ed .
R esults
A g a r  d iffu s io n  a ssa y
T h e  o b se rv e d  in h ib itio n  zo n es  (zones o f  n o  v isib le  
g ro w th )  a re  sh o w n  in ta b le  2. T h e  zo n es o f  red u c ed
g ro w th  w ere  zones a r o u n d  th e  in h ib itio n  zones sh o w ­
ing  sm a lle r co lo n ies . T h e  w id th  o f  a n  in h ib itio n  zo n e  
(1) is th e  d ifference b e tw e e n  th e  ra d iu s  o f  th e  in h ib i­
tio n  z o n e  a n d  th e  r a d iu s  o f  th e  p la s tic  te s t c irc le  
(1.5 cm ). T h e  v a lu e  in d ic a t in g  th e  z o n e  o f  red u ced  
g ro w th  (2) is the  w id th  o f  th e  z o n e  a ro u n d  the  
in h ib itio n  zone. A r o u n d  th e  c o n tro l  film s— L D P E  
free o f  tr ic lo sa n  —  n o  in h ib itio n  zo n e s  w ere  o bserved , 
as expected .
T h e  g ro w th  in h ib i t io n  zo n es  in d ic a te  th a t  th e  tr ic lo ­
san  film  h a s  a  c le a r  a n t im ic ro b ia l effect a g a in s t the  
fo o d  p a th o g e n s  L . m o n o cy to g en e s , S t .  aureus, S. 
enteritid is  a n d  E. c o li  0 1 5 7 :H 7 . F o r  the  spo ilage  
o rg an ism  B r. th erm o sp h a c ta , o n ly  a  z o n e  o f  reduced  
w as o b ta in e d . N o  e ffe c t w as fo u n d  to w a rd s  B. cereus, 
C. albicans, L . sa k e , L .  brevis, P . ro q u e fo rti a n d  A . 
niger.
A  d o u b lin g  o f  the  tr ic lo s a n  c o n c e n tra tio n  d id  n o t 
re su lt in  a  d o u b lin g  o f  th e  ra d iu s  o f  th e  in h ib itio n  
zone . O n ly  a s lig h tly  la rg e r  in h ib itio n  zo n e  w as 
o b se rv ed  w hen  th e  c o n c e n tra t io n  o f  tr ic lo sa n  in  the  
L D P E  film s w as in c re a se d  f ro m  500 to  1000 m g 
tr ic lo sa n  k g -1 L D P E . T h e  re su lts  p a r t ly  c o rre sp o n d  
to  th e  p la te  overlay  a s s a y  w ith  th e  tr ic lo sa n - in c o rp o -  
ra te d  p la s tic  o f  C u t te r  et al. (1999). T h ey  also  
d e tec ted  a n t im ic ro b ia l ac tiv ity  a g a in s t E. coli 
0 1 5 7 :H 7 , S t. aureus  an d  Br. therm osphacla , b u t 
n o t ag a in s t L. m o n o cy to g en es. H o w ev er, in  th is 
w o rk , th e  ac tiv ity  o f  th e  film  a g a in s t L . m o n o cy to ­
genes  w as u n a rg u a b le .
Table 2. (1 )  W idth  o f  the inhibition zones (cm ) and (2 )  zones o f  reduced grow th* (cm )
produced  by a 500 and 1000 m g k g ~ l triclosan-containing fi lm  in an agar diffusion assay at the 
op tim al grow th tem perature o f  the test organisms.
T es t s tra in s
500 m g  kg 1 tric lo san  film 1000 m g  kg 1 tric lo san  film
1 2 1 2
L. m onocytogenes 0.61 (± 0 .3 5 ) 0 .30 (±0 .47) 0.85 (± 0 .4 4 ) 0.26 (±0 .65)
S t .  aureus 1.12 (± 0 .0 8 ) 0.55 (±0 .02) 1.34 (± 0 .0 4 ) 0.80 (± 0 .01 )
S . en teritid is 0.41 (± 0 .0 4 ) 0.20 (± 0 .0 5 ) 0.67 (± 0 .0 2 ) 0.15 (± 0 .01 )
E. coli 0 1 5 7 .H 7 0.24 (± 0 .6 0 ) 0.39 (±0 .02) 0.55 (± 0 .0 2 ) 0.25 (± 0 .02 )
Br. therm osphacla 0.00 0.55 (±0 .00) 0.00 0.85 (± 0 .00 )
B. cereus 0.00 0.00 0.00 0.00
L . sake 0.00 0.00 0.00 0.00
L. brevis 0.00 0.00 0.00 0.00
P. roqueforti 0.00 0.00 0.00 0.00
A . niger 0.00 0.00 0.00 0.00
C. albicans 0.00 0.00 0.00 0.00
* Standard deviation (SD) is in parentheses.
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Figure 1. Growth o f  L . m onocy togenes at 7°C in 100%  
N 2  on T S A  plates, which were uncovered (— ), covered
with L D P E  (----- ) and covered with L D P E  containing
1000 m g kg ~ ! triclosan ( ----- ) .
I n  v itro  s to r a g e  e x p e r im e n t
T h e  g ro w th  o f  L . m o n o cy to g en e s  on  th e  u n co v e red  
an d  co v e red  T S A -p la te s  is sh o w n  in figure 1 as lo g (N / 
No) as a  fu n c tio n  o f  tim e. O n th e  p la te s  co v e red  w ith  
th e  1000 m g  k g -1 tr ic lo sa n  film , no  g ro w th  o f  L. 
m onocy togenes  c o u ld  be o b se rv e d  a f te r  20 d ay s . O n  
u n co v e red  p la te s  a n d  p la te s  co v e red  w ith  L D P E  free 
o f  tr ic lo sa n , a  n o rm a l g ro w th  p a t te r n  w as observed : 
o n  th e  p la te s  c o v e red  w ith  L D P E , a  low er m a x im u m  
cell d en s ity  w as rea ch ed  c o m p a re d  w ith  u n co v e red  
p la tes  b ec au se  o f  a  la ck  o f  o x ygen  c re a te d  by  covering  
w ith  th e  film . T h e se  re su lts  sh o w  th a t  the  
1000 m g k g -1 c o n ta in in g  tr ic lo sa n  film  h as  a  s tro n g  
a n tim ic ro b ia l effect in  in vitro  s im u la ted  v ac u u m - 
p ac k a g e d  c o n d itio n s  a g a in s t th e  p sy c h ro tro p h ic  food  
p a th o g e n  L. m on o cy to g en es.
S to ra g e  e x p e r im e n t w ith  c h ic k e n  b re a sts
R e su lts  o f  th e  m ic ro b ia l a n a ly se s  a re  p rese n ted  in 
figures 2 a n d  3. P a c k a g in g  o f  ch ick e n  b rea s ts  in
4   T- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - T- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
0 5 T im e  (d ) 10 15
Figure 2. Evolution o f  to ta l aerobic count at 7°C on 
chicken breasts vacuum -packaged in L D P E  (— ) and 
L D P E  containing 1000 m g  k g ~ ‘ triclosan (----- ) .
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Figure 3. Growth o ffL .  m onocy togenes at 7°C  on chick­
en breasts vacuum -packaged in L D P E  (— ) and L D P E  
containing 1000 m g  k g ~ ] triclosan ( ----- ) .
L D P E  c o n ta in in g  1 0 0 0 m g k g -1 tr ic lo san  h a d  no  in ­
fluence on  th e  e v o lu tio n  o f  th e  sp o ilag e  b ac te ria . 
T o ta l  a e ro b ic  c o u n t,  to ta l  a n a e ro b ic  c o u n t,  la c tic  acid  
b a c te ria , E nterobacteriaceae  a n d  y eas ts  w ere  n o t re­
d u ce d  b y  th e  p rese n ce  o f  the  tr ic lo sa n -c o n ta in in g  film.
In  a d d i t io n ,  th e  g ro w th  o f  L . m on o cy to g en es  w as n o t 
in h ib ite d  b y  th e  tr ic lo s a n - in c o rp o ra te d  film  in c o n ­
t r a s t  w ith  th e  in h ib i to ry  effect o b se rv e d  in  th e  in vitro 
s to ra g e  ex p e rim en t.
T h e se  re su lts  c o r re s p o n d  to  th o se  o f  C u tte r  e t cil. 
(1999), w h o  a lso  d e m o n s tra te d  th a t  w h ile  a n tim ic ro ­
b ia l ac tiv ity  is d e te c te d  a g a in s t b a c te ria l c u ltu re s  in 
a n tim ic ro b ia l p la te  a s say s , th e  tr ic lo sa n - in c o rp o ra te d  
p la s tic  d o es  n o t  effectively  red u c e  b a c te ria l p o p u la ­
t io n s  o n  re fr ig e ra te d  v a c u u m -p a c k a g e d  m e a t su rfaces. 
A d d itio n a l ex p e r im e n ts  b y  C u t te r  et al. su g g est th a t  
th e  p re se n ce  o f  fa tty  ac id s  o r ad ip o se  m a y  d im in ish  
th e  a n tim ic ro b ia l a c tiv ity  o f  th e  tr ic lo sa n - in c o rp o ­
ra te d  p la s tic . T h e  p o ss ib le  in te ra c tio n  o f  tr ic lo san  
w ith  a d ip o se  c o m p o n e n ts  o f  th e  m e a t p ro d u c t m ay 
b e  re sp o n s ib le  fo r  th is in ac tiv ity .
C o n c lu s io n s
T h e  L D P E  film s c o n ta in in g  500 a n d  lO O O m gkg-1 
( =  0.5 a n d  1 .0%  S an itized  M B  E  97-65) o f  tr ic lo san  
e x h ib ite d  a n tim ic ro b ia l a c tiv ity  a g a in s t L . m o n o c y to ­
genes, S t .  aureus, S. en teritid is , E . coli 0 1 5 7 :H 7  an d  
B r. therm o sp h a cla  in  a n  ag a r  d iffu s io n  assay . T h e  
in h ib ito ry  a c tiv ity  o f th e  film  a g a in s t L . m o n o cy to ­
genes  w as  q u an tif ied  in a n  in vitro  s to ra g e  ex p e rim en t 
o n  a g a r  p la te s . T h e  1000 m g  k g -1 co n ta in in g  tr ic lo san  
film  h a d  a  s tro n g  a n tim ic ro b ia l effect in  in vitro 
s im u la ted  v a c u u m -p a c k a g e d  c o n d itio n s  a g a in s t the
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p s y c h ro tro p h ic  fo o d  p a th o g e n  L . m onocytogenes. 
H o w e v e r , th e  tr ic lo sa n - in c o rp o ra te d  p la s tic  d id  n o t 
effectively  red u c e  sp o ilag e  b a c te r ia  a n d  g ro w th  o f  L. 
m onocy togenes  on  re frig e ra te d  v a c u u m -p a c k a g e d  
c h ic k e n  b re a s ts  s to re d  a t 7°C . T h e  resu lts  sh o w  th a t 
th e  b enefit o f  p a c k a g in g  ch ick en  b re a s t fo r  re frig e r­
a te d  s to ra g e  in to  a  tr ic lo sa n - in c o rp o ra te d  L D P E  film 
is red u c ed  b ecau se  o f  th e  in effec tiveness to w a rd s  
m ic ro b ia l g ro w th .
General conclusion
N o w a d a y s , th e  in c o rp o ra t io n  o f  a n tim ic ro b ia l c o m ­
p o u n d s  in  all ty p es o f  a r tic le s  is g a in in g  a  lo t o f  
in te re s t, b o th  by th e  in d u s try  a n d  th e  co n su m er. 
H o w e v e r , few  a n tim ic ro b ia l c o n c e p ts  h av e  fo u n d  
a p p lic a tio n s  as fo o d -p a c k a g in g  m a te r ia l. F u r th e r  r e ­
se a rc h  o n  a n tim ic ro b ia l fo o d -p a c k a g in g  m a te r ia ls  is 
necessa ry  n o t  on ly  to  revea l th e  m e c h a n ism s  o f  ac tio n  
o f  ex is tin g  system s, b u t a lso  to  d ev e lo p  new  m a te ria ls . 
O n e  o f  th e  p ro b lem s in  g e ttin g  a n  a n t im ic ro b ia l- 
p a c k a g in g  c o n c e p t co m m erc ia lized  fo r  fo o d  a p p lic a ­
tio n s  is th e  legal s ta tu s  o f  th e  te s ted  ad d itiv e s . In  the  
E u ro p e a n  F A IR -p ro je c t  (C T  98-4170) A c tip a k , a 
w o rk g ro u p  on  leg is la tio n  is w o rk in g  on  th e  need  fo r 
ch a n g e  in  re g u la tio n s  in  th e  E U  c o u n trie s . T h e  u se  o f  
a n tim ic ro b ia l p a c k a g in g  a n d  ac tiv e  p a c k a g in g  in  g en ­
e ra l invo lves the  c o n s id e ra tio n  a n d  p o ss ib le  a m e n d ­
m e n ts  o f  several d iffe ren t p a r ts  o f  th e  le g is la tio n  such  
as th e  fo o d -p a c k a g in g  le g is la tio n , le g is la tio n  o n  fo o d  
ad d itiv e s , E U  d irec tiv es  o n  h y g ien e , etc. A m e n d m e n ts  
to  re g u la tio n  m ig h t re q u ire  ex ten siv e  to x ico lo g ica l 
a n d  o th e r  te s tin g  o f  c o m p o u n d s  b e fo re  a p p ro v a l to  
se cu re  sa fe  fo o d  a n d  en v iro n m e n t.
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